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obt'dned in
in the other There are certain drugs that can produce hallucinations and other

harmine and symptoms similar to those of schizophrenia. Among these is d-lysergie

ntial action, acid diethylamide (LSD-25), which is a very powerful, drug and the one
most commonly used to produce experimental psychosis. LSD-25 is

chemically related to the ergot alkaloids (HoFMANN and STOLL 1943).

_'_, Director of Its psychogenic effects were first discovered in 1943 by _IoFMANI_ (see
generous help W.A. STOLL 1947).

ihe Lydrochlo-
jection we are The way in which hallucinations are produced is not known. The

ranks for help evidence argues in favour of some kind of metabolic functional disturb-
ance in the nerve cells (cf. GLEES 1961).

The present investigation was started for the following two reasons.

trapyramidal Firstly, I assumed, like II_CVAX and S6DXRBEI_G (1956), that a functional
• BoRorm_av disturbance of the nerve cells caused by LSD-25 could be accompanied

by circulatory changes in the brain. Secondly, several recent investiga-

ml.Xaunyn- tors (ASTRS_ and SAMELIUS 1957; GINZEL 1955, 1956; see also Delysid

lization and Bibliographia Sandoz, 1961) have found that LSD-25 has various vaso-

repinephrine, active properties.
Material

m isolierten
nakologische Twelve rabbits and 20 mice were used. The rabbits weighed 1280 to
244, 81--96 1320 g. The mice weighed only 5.0--5.5 g and belonged to four litters.

The rabbits were divided into one test group and one control group, each
rug released comprising 6 animals. In the same way, the mice were divided into two

(1963). equal groups. The groups were made up so that the sexes and the litters)henthiazine

,ychiat. 10, were equally represented among the test animals and controls.

V. Saunders Methods

In order to prevent the daily variations of the liver metabolism

israel (FORSGREN 1927; HOLMGREN 1936) from influencing the results, it was

i arranged that all animals should be killed between 3 and 4 p.m.
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itt Rabbits injection of 0.5 rrThe animals in the test group received an intravenous injection of One hour after the
1 5 mg of LSD-25 (Sandoz) diluted in 3 ml of a l°/0 aqueous solution of cooled to about -
:t tartaric acid. The rabbits in the control group got an injection of 3 ml ments showed th

of the 1°/0 tartaric-acid solution without LSD-25. One half of the control 2 sec. In a cool
i and test rabbits was killed 30 min after the injection, while the other sawed into 0.5 tc

half was killed 90min after the injection. The animals were killed nine parts of pure
haemolysis) andI instantaneously in a large guillotine. The heart was then removed as

! quickly as possible. The heads were freed from sldn, muscles, jaws, in the mixture at
1 eyes, and cars, so that only the cranium and its contents remained. The changed once. Th

olfactory bulbs were exposed by removing bone, so that the fixative were transferred t
! could more easily reach the brain. The cranium was then placed in 15°/0 and "kidneys were
i formalin, containing 50 g of potassium ferricyanide per litre. The hearts, heart, right lung,

i lungs, livers, spleens and kidneys were removed from the animals, the usual ethanol
During the dissections care was taken to looseno blood from the organs, paraffin at 40°C :

_ which were gently transferred to the fixative mentioned above. After (M.P. 56--58°C). '

i fixation, tile organs were weighed and embedded in paraffin. The brains levels of the brainwere sectioned serially in the frontal plane into 5-/z-thick sections. Every with the peroxid_
' 49th and 50th section was mounted and the others were discarded. From investigation, it
i the livers, right lungs, and left kidneys five sections, 5 # thick, were was obtained on,

i1 produced from various parts of the organs. All these sections were stained according

] stained with Pickworth's peroxidase stain, as modified by PEARSE as described for t
(1954). Neutral red served as a counter-stain, which demonstrated the and area striata
cell nuclei and allowed identification of various areas of the brains. The medullar layers ot

_ dark-blue-stained erythrocytes were counted under a magnification of ed. Sections, 10 p
:_ 900 ×. Only capillary blood corpuscles were counted, and fields of vision and stained with
! with large blood vessels were avoided (GYLLENSTEN, JALLI_G and]

:i TIDEN 1959). A squared graticule was placed in the focal plane of the

i ocular (WESTMA:N and H_,T,L_A_ 1960). A volume of 0.0013 mm 3, Almost immc(
_ selected at random, was counted from the right lungs, livers, left kidneys exhibited clear b
] and the following parts of the brains: regio praecentralis granularis, in front of them.

regio postccntralis, regio parietalis 4 and area striata of the cerebral behaviour.
cortex, capsula interna, corpus callosum, nucleus caudatus, cornu As appears fr(
Ammonis, and the molecular, granular and medullar layers of the cere- the various parts
bellum. When determining the regions of the cerebral cortex, the maps of LSD-25. On th
made by LUNDBERG (1960) were used. Sections, 10# thick, were pro- nmch greater in
duced from the hearts and the livers and stained by van Giesons's treated. _Vhen tt
method, statisticallywith

Mice S_NEDECOR1957),

In order to freeze the mice quickly, all hairs were removed by cutting both the rabbits
with a pair of scissors. The animals of the test group received an intra- (p _ 0.001) incre_
peritoneal injection of 0.03 mg of LSD-25 diluted in 0.5 ml of a 1°/0 The increase in e

aqueous solution of tartaric acid. The mice in the control group got an in the rabbits kil
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injectionof 0.5ml of the l°/0tartaric-acidsolutionwithoutLSD-25.
injection of One hour after the injection, the animals were put into a bath isopentane
solution of cooled to about --190°C with liquid nitrogen or oxygen. Pilot experi-

Lion of 3 ml ments showed that the whole body was frozen within approximately
"the control 2 sec. In a cool room at a temperature of --30°C, the bodies were
',e the other sawed into 0.5 to 1-cm-thick slices which were put into a mixture of

were killed nine parts of pure methanol (absolutely free from acetone, which causes
removed as haemolysis) and one part of 37°/o formalin. The slices were then kept
selcs, jaws, in the mixture at --30°C for 14 days. During this time the mixture was
aained. The changed once. The temperature was then raised to -4-4°Cand the slices
_hc fixative were transferred to 10°/0 formalin for one day. The lungs, hvers, spleens
ced in 15°/0 and kidneys were dissected free and weighed. Slices were cut from the
The hearts, heart, right lung, hver, and left kidney. Dehydration was performed on
le animals, the usual ethanol scale for 24 hours. The embedding was done in soft
the organs, paraffin at 40°C for 3 hours. The specimens were cast in hard paraffin

hove. After (M.P. 56--58°C). One section, 5 tt thick, was produced from five different
The brains levels of the brain, lung, hver and kidney slices. The sections were stained

ions. Every with the peroxidase stain mentioned above. (During the course of the
rded. From investigation, it was found that a better staining of the erythrocytes
thick, were was obtained on sections cut on a freeze microtome or a cryostate and
_tions were stained according to LINDGtgEN 1940.) The erythrocytes were counted
by PEAI_SE as described for the rabbits, but only the regio praecentralis granularis
strated the and area striata of the cerebral cortex, the molecular, granular and
brains. The medullar layers of the cerebellum, and the nucleus caudatus were assess-
ification of ed. Sections, 10# thick, were produced from the hearts and the livers
ds of vision and stained with van Gieson's stain.
.LLING and
lane of the Results

.00l 3 mm 3, Ahnost immediately after the administration of LSD-25, the rabbits

:eft kidneys exhibited clear behavioural changes. They lost tonus and lay staring
granularis, in front of them. The mice showed similar but less striking changes in

he cerebral behaviour.

tus, cornu As appears from Table 1, no change in the erythrocyte contents of
_f the cere- the various parts of the brain was encountered after the administration
:, the maps of LSD-25. On the other hand, the erythrocyte contents of the liver were
, were pro- much greater in the animals treated with LSD-25 than in those not

Giesons's treated. When the increase in liver erythroeyte contents was tested
statistically with the aid of Student's t-test (Bo_NIE_ and TEmN 1957 ;
S_EDS.COR 1957), it was found to be highly significant (p < 0.001) in

[by cutting both the rabbits and the mice. There were also highly significant
d an intra- (p < 0.001) increases in the hver weights of the rabbits and mice (Table 2).
L1of a 1°/0 The increase in erythrocyte contents and weight was largely the same
oup got an in the rabbits killed 30 min after the LSD administration as in those

t
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killed after 90 minutes. The sections through tile livers, that had been

_. _. _. _. stained according to van Gieson's method, showed no remarkable
_ _ _ changes, except the hyperaemia. The erythrocytes could not be counted

_ _ _ in the spleens, because they were too numerous there and could not be

'_ _ "_ _ clearly separated from each other, even in 4-/z sections, which were the

thinnest paraffin sections that could be produced with uniform thickness.

The weights of the spleens were somewhat greater in the animals which
"__ _ _ had received LSD-25 than in the controls. When Student's test was
q_.q q

_ _ _ applied, a slightly significant (0.01 _ p _ 0.05) difference in the spleen
4_4_-H _ weight was obtained between the LSD animals and. the controls. The
Cq I._ ,--4 g_

_ -_ - difference was of about the same significance in the rabbit as in the

mouse material. The erythrocyte contents and weights of the lungs and

kidneys showed no changes. There was no dilatation of the hearts and
inthe sections from them no remarkable changes were observed.

4_ -H-H 44
_- _ _ _. Discussion

_ _ _ A Commentson theMethods

There exists no method for the exact study of the blood circulation

_ in small regional parts of the brain. Most of the classical methods for
,- ". _ _¢. gtudying the cerebral circulation are either based upon direct inspection

-il -H_ 44 of the pia vessels or upon estimations of the total flow through the brain.
_ _. _. However, various parts of the brain differ greatly with regard to morpho-

-_ _ U_ _ logy. As is well known, there are not only differences between the gray
and white substances but also great variations in cytology, angioarchi-

tecturc, distribution of enzymes, etc. in the various parts of the brain.
-_ - _ _- The pia vessels probably do not react like the deep intracerebral vessels

_! _ _ -_ to various stimuli. This is also an explanation of the divergencies in the
_ - _. results that often are obtained from "the pia vessel inspection methods"

_ _ _ and "the total flow measurements" (GoTTSTEIN 1962).

Recently, IN(_VA_ and LASSE.X (1962) and S6DERBE_a (1962) have

_ made promising attempts to investigate the regional cerebral circulation.
-_/_-4"_"_ _4" However, like all other methods used to study the cerebral circulation,
_ _ _. __ their methods have the drawbacks that they include bloody operations

_ _ -I. which may cause circulatory changes, and elicit or abolish vascular

_ _ _ reflexes. My methods for the study of the circulation have not the

disadvantages mentioned above, because no surgical intervention or
_0
-_ anesthesia is necessary. On the other hand, my methods do not measure

_= the rapidity of the circulation, but this may to some extent be calculated.

_ The number of erythrocytes in the capillaries increases as a rule when

_. _ their calibre increases. The calibre of the intracranial arteries and veins
_ _ _ may be measured with high accuracy on the fixed specimen. If the pres-

_-_ _ sure gradient between the large arterial and venous trunks is constant
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under a given set of conditions, the volume flow through a vessel connect- ary to a cir_

ing them is proportional to the fourth power of its calibre (BEST and some detoxit

TAYLOI_ 1958). as of that oi

My "freeze method" used for the mice is thought to be an improve- My resu]
ment on that of SJ()STRAND (1937). In his method, mice were put into and SODER]

liquid air at about --190°C and then fixed in formalin at --8 ° to --9 ° C. vasoconstri(

I used a faster freezing procedure, because I used isopentane which venously. M

was not invented for this purpose when SJ6)STRANDmade his investiga- their physi(
tion. I also used a lower dehydration-fixation temperature (--30°C) than flow throug

that of S._bSTRA_D.These two improvements diminished the hemolysis, unaffected t

A rapid freezing procedure has also the advantage over a less rapid one

that the risk of circulatory changes secondary to the freezing procedure
is reduced. The methanol which I used has the advantage of extremely LSD-25

rapid penetration and water substitution, which is of importance when gespritzt. 1_

freeze-substitution methods are used. Methanol penetrates several times Leber mit
faster than ethanol or acetone (RobIEIs 1948; PERSSON 1952). Further- des Parenc

more, methanol is a good fixing agent for blood (Ro_IEIS) and is used makroskop:
in several hematological methods, e.g. that of Giemsa. Unfortunately, auf einen

SJ6STI¢AND'8 and my methods are only applicable to very small animals eytengehall

such as the young, shaved mice, weighing only a few grams, because Ver/inderul

larger animals cannot be frozen rapidly enough to preven_ haemolysis, des Gehirn,

which is easily discovered by a deformation of the individual erythro-
cytes and a dark discoloration of the tissues surrounding the vessels. ,_STR6._I,A.,

antagoni
i 410--41(

B. Comments on the Results B_sw, C, H.,

The results show that LSD-25 causes a hyperaemia of the liver. Baltimol

There may be various causes for this hyperaemia. It may be caused by Bo.',':qEmG
a congestion of blood in the liver due to a backward failure of the heart. Bokf6rla

BOYD, E. S.

The slightly significant increase in the weights of the spleens in the LSD 1".)0,"29"2

i animals may support such an assumption. On the other hand, there FORSGREN,

were no macro- or microscopical changes in the hearts which would Nordisk_have caused such a backward failure, and there were no changes in the GINZEL,K.

weights and erythroeyte contents of the lungs and kidneys in the LSD respons(-- Die W!

animats. Therefore I find it more probable that the hyperaemia of the Naunyn
liver was caused by some toxic influence from the LSD on the liver GLEES.P.:

circulation or that the hyperaemia was a sign of a detoxifying function GOTTSTEL_,

of a detoxifying function of the liver. BOVD (1959) and SLAYTORet al. Heidelb
GYLLENSTI_

(1959) have provided evidence that the liver has a detoxifying function thyroid
and they found that 60--800/0 of the LSD administered is excreted in 328-3_

the bile within 3 hours. In my investigation, no histological changes HoF._A._-._',

(except the hyperaemia) suggesting toxic damage to the liver cells basins.

were discovered with van Gieson's method. The slightly significant * See
increase of the weight of the spleen after LSD treatment may be second- from Clinict
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_onncct- ary to a circulatory disturbance of the liver or may be primarily due to

EST and some detoxifying function of the reticuloendothelial system of the spleen,
as of that of the liver.

nprove- My results from the brain are in accordance with those of INGVAR

)ut into and S6DEI_B:ERG(1956), who only could provoke a slight, transient

) --9°C. vasoconstriction of the cerebral vessels when LSD was injected intra-
which venously. _[y investigation, which may be regarded as a complement to

vcstiga- their physiological experiments, shows that not only the total blood

(') than flow through the brain but apparently also the regional circulation is
:_mlysis. unaffected by LSD administration.
t)i(1 one
occdure Zusammenfassung

_rcmcly LSD-25 wurde Kaninchen intravenbs und M_usen intrapcritoneal

'c when gespritzt. Folgende Befunde wurden erhoben: 1. Starke Hyper&mie der

_1 times Leber mit deutlicher Gcwichtszunahme, jedoch ohne Ver/inderungen
"urther- des Parenchyms. 2. Geringc Erh6hung des Milzgewichtes. 3. "Weder

is used makroskopische noch mikroskopische Ver/tndcrungen am Herzen, die

mately, auf einen Herzschaden hindeuten. 4. Keine Ver/inderungen des Erythro-
_nimals cytengehaltes oder des Gewichtes der Lungen und Nieren. 5. Keine

because VerLnderungen der Erythrocytenzahl im Gewebe verschiedener Teile
aolysis, des Oehirnes.
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